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THE ANTIGENIC PROPERTIES OF SPLIT 
PRODUCTS  OF CASEIN.* 
BY FREDERICK  P. GAY, M.D., AND T. BRAILSFORD  ROBERTSON. 
(From  the Hearst Laboratory of Pathology and Bacteriology, and the Rudolph 
Spreckels Physiological Laboratory of the  University of California, Berkeley.) 
Split  products  of  proteins  have  been  studied  in their  immuno- 
logical relations from several points of view.  Thus Obermeyer and 
Pick obtained  by their  studies  with  iodized  and  nitrated  proteins 
interesting results  on  the  physical nature  of  precipitinogens.  Of 
particular interest have been the numerous though conflicting studies 
on the chemistry of anaphylaxis, designed either to show the rela- 
tionship of the sen'sitizing  to the intoxicating substance  in various 
proteins (Rosenau and Anderson (I), Gay and Adler (2), Vaughan 
and  Wheeler  (3),  Pick  and  Yamanouchi  (4),  Kraus  and  Doerr 
(5),  Wells  (6),  and others),  or else the nature of the toxic  sub,- 
stance  (V~Teichardt (7),  Vaughan and  Wheeler  (3),  Nic~IIe  (8), 
Wells  (6),  and  Schittenhelm and Weichardt  (9)).  Probably the 
greatest ultimate result that  may be expected  from a  continuation 
of such studies will be some light on the essentially obscure prob- 
lem of biological specificity. 
With these points of interest in mind, particularly the Iatter, we 
tiave for some time been studying the antigenic propert{es of certain 
products  derived  from  or  obtained  by  co~bination  with  casein. 
Casein would seem to be a substance of particular interest for sueN 
investigation not  only 'because  it  has  been less  systematically em- 
ployed than other substances, such as serum, but because it is  per- 
haps  the only protein  the  chemical properties  of which are thor- 
oughly established. 
ANAPHYLAXI$  TO  MILK,  CASEIN,  AND  ITS  DERrVATIVE$. 
Although milk anaphylaxis has been recognize~ since the pioneer 
work on the subject by Arthus  (Io)  and  Rosenau anc~ Am~erson 
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(I),  it has served rather  for incidental than  for serious investiga- 
tion.  The first attempt at a serious investigation by Besredka (ii) 
is quite unconvincing owing to the crudeness of the chemical meth- 
ods used in obtaining the various milk derivatives employed. 
Our  general  scheme  of  experimentation  has  been  to  sensitize 
subcutaneously with skim-milk, casein, or split products of casein, 
normal guinea pigs of from two hundred and fifty to three hundred 
and fifty grams weight, and, after an incubation period of approxi- 
mately three weeks, to  attempt intoxication, usually by  intraperi- 
toneal injection, with one of the corresponding substances.  A  new 
Rosenau syringe, the cylinder of which had been thoroughly cleaned 
with bichromate of potash  and  sulphuric acid,  and  a  new  needle 
were used for each separate product, both for sensitizing and intoxi- 
cating, to avoid possible contamination with other proteins. 
SERIES  I. 
Normal  guinea  pigs  were  sensitized by  the  injection of  I  c.c.  of  skim-milk 
that had been previously heated to  IOO  ° C.  for fifteen minutes. The animals, 
after three weeks' interval, were given intraperitoneal injections of milk, casein 
(3  per  cent.  solution,  corresponding to the amount present in  milk), or  a  solu- 
tion of glutamic acid  plus  leuein. 
Preparation  of  Casein  Solutlon.--The  casein  employed  was  Eimer  and 
Amend's  casein  "nach  Hammarsten,"  specially  purified  by  the  method  of 
Robertson  (12).  This  dried  casein  could  be  dissolved by  physiological  saline 
solution  containing  8  c.c.  of  a  N/Io  potassium  hydroxid  solution  in  IO0  c.¢. 
Preparation  of  Solution  of  Glutamie  Acid  and  Leucln.--Kahlbaum's  sub- 
Guinea  Sensitized.  pig. 
7  I C.C. milk 
8  I c.c. milk 
6  I  c.c. milk 
9  I c.c. milk 
Interval. 
2x  days 
2x  days 
2I days 
27 days 
Second injection,  intra- 
peritoneal. 
5 c.c. milk 
8 c.c. milk 
8 c.c. 3 per cent. 
casein 
8 c.c. glutamic acid 
+  leucin 
Symptoms. 
Moderate. 
Severe. 
Severe. 
Negative; when given milk 
three days later showed 
severe symptoms. 
stances  were  employed.  Glutamic  acid  and  leucin  form  the  principal  amino 
acids  in  casein  from cow's milk  and  occur  in  the  respective proportions of  II 
and  I0  per  cent.  (13).  Our  solution  was  prepared  by  dissolving these  amino 
acids in alkaline salt solution so that the amount in 1.5 c.c. corresponded to t  ¢.¢. 
of milk  (glutamic acid 0.22  per cent. +  leucin o.2o  per cent. in o.o45  per cent. N 
sodium hydroxid +  M/6 sodium chlorid  1.5  c.c. =  I  c.c. milk). 472  Antigenic Properties of Split Products of Casein. 
SERIES  2. 
Guinea  pigs  were  sensitized  by  I  c.c.  of  3  per  cent.  casein  and  intoxicated 
three  weeks  later  by  milk,  casein,  or  paranuclein. 
Preparation of  Solution of  Paranuclein.--Paranuclein  is  a  product  of  the 
incomplete  peptic  hydrolysis  of  casein  (Lubavin  (I4),  and  Kossel  (15)).  It 
was  prepared  in  the  following  manner  (Robertson  and  Biddle  (16)).  To  a 
faintly  acid  solution  of  potassium  caseinate  (4  per  cent.)  was  added  0.95  per 
cent.  Griibler's  pepsin  puriss, sicc. and  a  little  toluol.  The  mixture  was  then 
heated to  IOO  °  C.  to destroy the pepsin;  the paranuclein was  filtered off,  washed 
in a  large volume of  distilled water  and in alcohol,  and then dissolved  in N/Io. 
alkali  and  immediately  precipitated  with  acetic  acid.  This  precipitate  was 
repeatedly  washed  in  large  volumes  of  distilled  water,  alcohol,  and  ether,  and 
finally dried  over sulphuric acid,  pulverized,  and  sifted.  The  product  was  thus 
obtained in  the  form of  a  light,  friable,  white powder.  The  substance is  prob- 
ably a  mixture of two or more different paranucleins  (Robertson  (17)),  and its 
exact  composition and power  to  neutralize bases probably varies  somewhat  with 
Gu!nea [  Sensitized.  Interval.  Second injection,  intra-  Symptoms.  p_lg.  .  p~ ritoneal. 
i  I c.c. 3 per cent. casein  21 days  5 c.c. milk  Marked. 
3  II c.c. 3 per cent. casein  2o days  8 c.c. milk  Marked. 
z  I c.c. 3 per cent. casein  21 days  8 c.c. 3 per cent. casein  Severe. 
c.c. 3 per cent. casein  23 days  15 c.c. 3 per cent. paranuclein  Marked. 
the intensity of digestion  (von Moraczewski  (18)).  It dissolves readily in dilute 
alkalis,  neutralizing part  of  the alkali.  One  gin.  of  this paranuclein  was  found 
to  neutralize  3.6  c.c.  of  N/Io  potassium  hydroxid  with  phenolphthalein  as 
indicator. 
SERIES  3. 
Guinea  pigs  were  sensitized  to  paranuclein. 
Preparation of  the Products of  Peptic Digestion of  Casein.--The solution 
of  the products  of the peptic hydrolysis of  casein  which was  employed  in  these 
experiments  was  prepared  as  follows: 
To  6  liters  of  N/5o  sodium  or  potassium  caseinate  (containing 4  per  cent. 
of  casein)  were  added  2  gin.  of  Griibler's pepsin puriss, slce., which  had  pre- 
viously  been  dissolved  in  a  little  water;  this  solution,  after  being  thoroughly 
mixed,  was allowed to  stand at 36  ° C.  for ten days;  2  gm.  more  of  pepsin were 
added  after the first  four  days,  in  the presence  of  toluol,  and  the  solution  was 
then sterilized by steam at IOO  ° C. and filtered through hardened filter paper.  To 
the filtrate were then added 2  gm.  more  of  pepsin,  dissolved,  as  in the previous 
cases,  in  a  little  water;  toluol  was  introduced,  and  the  solution  was  again 
allowed  to  stand  at  36o C.  for  seven to  eight  days;  it  was  then  again  sterilized 
by  steam  at  IOO  ° C.  and  filtered  through  hardened  filter  paper.  The  filtrate 
thus obtained is  of  a  clear yellow  color  with  little or  no  opalescence  and gives 
no  trace  of  a  precipitate  or  opalescence upon  the  addition  of  acetic acid  either 
before  or  after  neutralization  with  alkali;  hence  both  casein  and  paranucleins 
are  completely  absent  from  the  solution. Frederick P. Gay and T. Brailsford Robertson.  473 
Guinea 
pig. 
4a 
Io6 
117 
lO7 
Io3 
If4 
Iio 
Ix5 
IXI 
Sensitized. 
5 c.c.  i  per cent. 
paranuclein 
2 c.c.  I  per cent. 
paranuclein 
I  c.c. 3 per cent. 
paranuclein 
2 c.c.  x per cent. 
paranuclein 
c.c.  I  per cent. 
paranuclein 
x c.c. 3 per cent. 
paranucleini 
2 c.c.  I  per cent. 
paranuclein 
x c.c. 3 per cent. 
paranucleiv 
Control 
Interval.  I  Second injection. 
15  days  I  8 c.c.  milk, intra- 
peritoneally 
23  days  /  5 c.c. milk, intra- 
Io e.e.  peritoneally 
28  days  milk, intra- 
peritoneally 
~3 days  8 c.c.  x per cent. para- 
nuclein,  intra- 
peritoneally 
I4 days  zo c.c.  x per cent. para- 
nuclein,  intra- 
peritoneaUy 
28  days  I  c.c.  I  per cent. para- 
nuclein,  intra- 
venously 
30  days  4 c.c.  x2 per cent.  pep- 
tic  digestate, 
28  days 
Symptoms. 
Dead  in  Io  minutes. 
Immobilization  of 
lungs;  hemorrhages, 
lung  and  heart. 
Very  severe.  Chloro- 
formed  in  I  hour. 
Extensive  gastric 
hemorrhages. 
Severe.  Chloroformed 
in 3  hours.  Gastric 
hemorrhages. 
Severe. 
Severe. 
Very severe. 
Severe. 
intraperiton-  [ 
eally  I 
I  c.c. 6 per  cent.  pep-iSlight.  No lesions.t 
tic  digestate,[ 
intravenously 
4 c.c.  I2 per cent. pep- Nearly  as  severe  as  in 
tic  digestate, f  guinea pig I IO. 
intraperiton- 
eatly 
SERIES  4. 
Guinea pigs were sensitized  with a  solution of  the  products of  peptic  diges- 
tion  of casein. 
Guinea  Second injection, intra- 
pig.  Sensitized,  Interval.  venous.  Symptoms, 
I22 
I23 
x27 
x c.c. 3 per cent. 
solution 
x c.c. 3 per cent. 
solution 
Control 
24 days 
24 days 
I c.c.  x per cent.  para-INo symptoms.  Chloro- 
nuclein  ]  formed.  No lesions. 
x c.c.  6 per  cent.  solu-ISlight  agitation.  Chlo- 
tion peptic  di-[  roformed.  No lesions. 
gestion  I 
x c.c. 6 per  cent. solu-!Slight; as  marked as in 
tion  peptic di-  guinea pig x23. 
gestion 
s~mEs  5. 
Guinea pigs were sensitized with the amino acids  corresponding to milk and 
serum.  Glutamic acid o.33 per cent in o.45 per cent. N  sodium hydroxid plus M/6 
sodium  chlorid.  I  c.c.  corresponds  to  the  amino  acid  as  it  occurs  in  casein. 
Glutamic acid plus leucin were as they occur in casein  (series I). 
i See  control  guinea  pig  127  in  series  4- 474  Antigenic Properties o/Split Products of Casein. 
Guinea 
pig. 
x4 
I3 
I5 
x8 
20 
Sensitized, 
1.5 c.c. glutamie acid 
1.5 c.c. glutamic acid 
1.5 c.c. glutamie acid 
1.5 c,c. glutamic acid plu~ 
leucin 
x. 5 c.c. glutamic acid plus  ~ 
leucin 
6  c.c. glutamic acid plus 
leucin 
Interval. 
E5 days 
c5 days 
t5 days 
E5 days 
E5 days 
~5 days 
Second injection, intraperit- 
oneal. 
5 c.c. glutamic acid 
6 c.c. glutamic  acid  plus 
leucin 
6 c.e. milk 
6 c.c. glutamie  acid  plus 
leucin 
7 c.e. milk 
6 c.c. milk 
Symptoms. 
Negative. 
Negative. 
Negative. 
Negative. 
Negative. 
Negative. 
The following conclusions may be drawn from these experiments 
on the antigenic power of split products of casein as tested by subse- 
quent anaphylactic intoxication by the same products. 
The amino acids (glutamic acid plus leucin; glutamic acid alone) 
in the proportions in which they occur in milk have no sensitizing 
property for subsequent intoxication by themselves or by milk. 
The products of the peptic digestion of casein will not sensitize 
for  subsequent  intoxication by  paranuclein.  They  have  no  more 
intoxicating property  for guinea pigs  sensitized by paranuclein or 
by peptic digestion products of casein than  for normal animals. 
Milk, chemically pure casein, and paranuclein sensitize to them- 
selves and to one another and apparently indiscriminately in respect 
to the different doses employed in these experiments. 
PROPERTIES  OF ANTISERA TO CASEIN~  PARANUCLEII~  AND 
AMINO  ACIDS. 
Rabbits were immunized by repeated injections  of glutamic acid, 
glutamic acid  plus  leucin,  paranuclein,  and casein,  and at a proper 
period subsequent to the last  injection  were bled and the respective 
sera removed, inactivated  at 56  ° C., and subsequently tested for 
preeipitins  and fixation  antibodies. 
The protocols of these animals may be briefly  summarized  as 
follows : 
Rabbit  I  was  given  intravenous  injections  of  a  solution  of  glutamic  acid 
)plus leucin in doses of  1.5,  2,  and  1.5  c.c.  at intervals of  four days.  The  animal 
was  bled  nine  days  later. 
Rabbit  2  was  given intravenous  injections  of glutamic acid  solution  in  doses 
of  1.5,  3,  and  2  c.c.  at  intervals  of  four  days.  The  animal  was  bled  nine  days 
later. Frederick  P. Gay and T. Brailsford  Robertson.  475 
Rabbit  xm  was  given  four intraperitoneal injections  of  Io c.c. of  a  2  per 
cent.  solution  of casein at intervals  of seven days.  The animal was bled seven 
days  later. 
Rabbit  ioo was given  four intraperitoneal injections  of a 2 per cent. solution 
of  paranuclein  at  intervals  of  seven  days.  The  animal  was  bled  seven  days 
later. 
Rabbit  Io4 was  given  three intraperitoneal injections  of a  2 per cent.  solu- 
tion of paranuclein  at intervals  of four days.  The animal  was  bled nine days 
later. 
PRECIPITIN  EXPERIMENTS. 
The sera of rabbits  I  and 2 tested in a  dose of 0. 5 of a  cubic cen- 
timeter with  doses  of  filtered milk,  ranging  from o.os  to 0.4  of a 
cubic centimeter, and of glutamic acid plus leucin solution, o.I to I.Z 
of a  cubic centimeter, showed no evidence of precipitin formation and 
were not investigated further.  The antigera to casein  (rabbit  IoI) 
and to paranuclein  (rabbits  IOO and  IO4)  were tested  more  syste- 
matically,  as  they were  found to  give positive  results.  Anticasein 
serum  (rabbit IOI)  was tested several times with I  per cent. solution 
of casein,  paranuclein,  and  once with  a  I  per  cent.  solution  of the 
products  of peptic digestion.  The solutions  of casein  and  paranu- 
clein  were  prepared  in  saline  solution  containing  sufficient  N/Io 
potassium hydroxid  (casein eight to one hundred cubic centimeters; 
paranuclein  3.6  to  one  hundred  cubic  centimeters).  The  smallest 
amounts  of such solutions  that  sufficed to give a  distinct precipitin 
sedimentation with 0. 3  of a  cubic centimeter of the antiserum were 
as  follows : 
Casein,  I  per  cent,  solution ...............  Positive,  o.ooi  to  o.oooi  c.c. 
Paranuclein,  I  per  cent.  solution ..........  Positive,  o.m  c.c. 
Peptic  digestion,  I  per  cent.  solution ......  Negative,  o.oI  c.c. 
The antiparanuclein  sera  (rabbits  IOO and  IO4)  gave no positive 
precipitin  reactions  with  casein,  paranuclein,  or  peptic  digestion 
products in amounts as high as 0.3  of a  cubic centimeter of a  I  per 
cent.  solution. 
FIXATION EXPERIMENTS. 
As  might  be  anticipated,  the  fixation  reaction  was  found  a  far 
more delicate test  for antibodies  than  the precipitin reaction.  The 
tests were carried through in a  similar manner to the precipitin re- 
actions  and  usually  synchronously.  T'he  details  of  the  technique 
may be  summarized  as  follows: 476  Antigenic Properties of Sprit Products of Casein. 
Antigenic  Mixtures.--I  per  cent.  solution  in  saline  with  a  total  volume 
of  I  c.c. 
Antiserum.---o. 3 c.c.  (56 °  C.). 
Alexin.--o.I  c.c.  of  mixed  serum  from  several  guinea  pigs  removed  from 
the clot eighteen to twenty-four hours after bleeding.  Dilution  to  I  c.c.  in  salt 
solution.  Incubating with antigen and antibody at 37 ° C.  for I  hour. 
Hemolytic System.--I  c.c. of a  5 per cent. suspension of washed sheep blood 
containing four  minimal hemolytic doses o~  a  strong rabbit  antisheep serum. 
Positive Fixation.--Complete  absence of hemolysis after two hours at 37 ° C. 
followed by  sedimentation overnight in  the  ice  box. 
Controls.--Each  antigenic  dilution  plus  o.3  c.c.  of  inactivated  normal  rabbit 
serum.  Antiserum with salt solution replacing antigen.  These should hemolyze 
completely. 
The reactions with anticasein serum  (rabbit  IOI)  gave complete 
fixations as  follows: 
Casein,  I  per  cent.  solution .................  o.ooo,ooI  to  o.ooo,  ooo, I  c.c. 
Paranuclein,  I  per  cent.  solution ..... , ...... o.ooi  c.c. 
Peptic  digestion,  I  per  cent.  solution ........  Negative, o.I  c.c. 
Antiparanuclein serum  (rabbit  lO4)  gave  no  fixation with  o.I 
of a cubic centimeter of the I  per cent. solutions of casein, paranu- 
clein, or peptic digestion products.  It may be noted that this dose 
represents the largest amount that could be used for the reaction; 
with  normal  serum  in  larger  doses  distinct  inhibition  of  alexin 
in  the  controls  is  produced.  Serum  IOO, obtained  in  precisely 
the  same  manner  as  the  potent  anticasein  serum  IOI,  but  by 
injecting paranuclein, had only weak fixing power for paranuclein 
(o.oi  of  a  I  per  cent.  solution)  and  produced  no  fixation  with 
casein or with the products of peptic digestion of casein. 
SUM MARY. 
We draw the following conclusions from our experiments on the 
antigenic properties of chemically pure casein and some of its split 
products. 
Casein  and  paranuclein have  distinct  antigenic properties,  par- 
ticularly as shown by their ability to sensitize guinea pigs for sub- 
sequent anaphylactic intoxication by each other or by milk,  This 
sensitizing ability and a  corresponding ability to intoxicate are in- 
distinguishably  equivalent,  under  the  conditions  employed.  On 
immunizing rabbits  by  repeated  injections  of  paranuclein  or  of Frederick  P.  Gay  and T. Brailsford  Robertson.  477 
casein, and subsequently testing their sera  for precipitins  and fixa- 
tion antibodies, it was  found that casein apparently produces them 
much more readily, giving an antiserum that  reacted  (fixation)  in 
very high  dilution with casein  (o.ooo,ooo, I  of a  I  per cent.  solu- 
tion),  but much less strongly with paranuclein.  Only one of two 
antiparanuclein  sera  showed  the  presence  of  antibodies  to  para- 
nuclein by the delicate fixation reaction, and that in relatively small 
amounts.  The two antibodies to  casein and to  paranuclein are,  in 
the case of casein quantitatively, and in the case of paranuclein ab- 
solutely specific. 
A  solution of the products of complete peptic digestion of casein 
fails to sensitize to paranuclein and gives no fixation reaction with 
an anticasein or antiparanuclein serum.  It intoxicates animals sen- 
sitized  to  paranuclein but  no  more markedly than  it  does  normal 
animals.  It  also  fails  to  show  specific  intoxication  in  an  animal 
that has been sensitized by the same substance. 
The  amino  acids,  glutamic  acid,  and  leucin,  the  principal  com- 
ponents of their kind in casein, and in the same proportion therein 
present, likewise failed to show antigenic properties.  They do not 
sensitize  animals  to  milk  intoxication  or  to  intoxication by them- 
selves,  and  likewise  failed  to  produce  precipitins  in  rabbits  in  a 
preliminary experiment. 
These  experiments are  regarded as  a  fairly systematic analysis 
of  the  antigenic  properties  of  split  products  of  a  single  protein. 
They  are  analogous  to,  though  less  complete  than  the  work  of 
Wells  (6)  on  egg-white.  They  seem  to  present  the  additional 
advantage of  dealing with  what  is  probably the  only protein  cer- 
tainly  known  chemically,  and  in  its  purest  form.  They  serve, 
moreover, as an introduction to the following study of the antigenic 
properties of a  combined protein. 
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